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A/C
A/D
ADC

AFSCSSD

AGC
AMR
AOP
APC

BCD
BPF
BRD

CCF
CC&S
CCw
CcO
COE
CPU
CR&P
cw

DCI
DCS
D/D
DDC
DE
DSIF
DVM

ECR
EF
EG
ETL
ESA

F-A
FEP
F-F
FM
FR
FTD

Abbreviations Used in This Report

Attitude Control
Analog to Digital
Analog-to-Digital Converter

Air Force Systems Command, Space
Systems Division

Automatic Gain Control
Atlantic Missile Range
Assembly and Operations Plan
Automatic Phase Control

Binary Coded Decimal
Band Pass Filter
Booster Requirements Document

Central Computing Facility

- Central Computer and Sequencer

Counterclockwise
Checkout

Corps of Engineers
Central Processing Unit
Celestial Relays and Power
Clockwise

Data Condition Indicator

- Data Conditioning System

Digital-to-Digital

Digital-to-Digital Converter

Data Encoder

Deep Space Instrumentation Facility
Digital Voltmeter

Encounter

Engineering Change Requirement
Emitter-Follower

Earth Gate

Environmental Testing Laboratory
Explosive Safe Area

Flight-Acceptance (test)
Fluorinated Ethylene Propylene
Flip-Flop

Frequency Modulation

Failure Report

Flight Test Directive

GBQ
GC
GD/A
GHE
GIP
GM
GSE
GSF
GSFC

IP
TRFNA
IS

JCLOT
JFACT
JPL

L

LC
LCE
LCOS
LCS
LCTT
LL
LOB
LOC
LOD

LOX
LPB
LMSC

MF
MGC
MOIS
MRB
MSD
MSFC
MTBF
MTS

NASA

N/B

Good, Bad, Questionable

Gyro Control

General Dynamics/Astronautics
Ground Handling Equipment
Ground Instrumentation Plan
Ground Mode

Ground Support Equipment
Ground Support Facility
Goddard Space Flight Center

Isolated Pulse
Inhibited Red Fuming Nitric Acid
Isolated Step

Joint Closed-Loop Operations Test
Joint Flight-Acceptance Composite Test
Jet Propulsion Laboratory

Launch

Inductance-Capacitance

Launch Complex Equipment
Launch Checkout Station

Launch Control Shelter

Launch Compatibility Test Trailer
Low Level

Launch Operations Building
Launch Operations Center

Launch Operations Directorate
(later LOC)

Liquid Oxygen
Launch Pad Building
Lockheed Missiles and Space Company

Main Frame

Manual Gain Control

Mission Operational Intercom System
Materials Review Board

Most Significant Digit

Marshall Space Flight Center
Mean-Time-Between-Failures

Mobile Tracking Station

National Aeronautics and Space
Administration

Noise Power/Unit Band Width
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NPN/PNP

NRT
NRZ

OD
ODP
OR

PCA
PCM-PSK-PM

PDP
PDP
PFD
PHP
PLL
PMP
PN
PR
PRD
PSK
PS&L
PSP
PT™M

QCRR
QL

RC
RFI
RFT
REP
RPI
RT
RTC
Rwv

SAC
SAF
SCAMA

Vi

Abbreviations (Cont'd)

NPN—junction transistor with p-type
base and n-type collector

PNP —junction transistor with n-type
base and p-type collector
and emitter

Non-Real Time
Non-Return to Zero

Operational Directive
Orbit Determination Program
Operation Requirements

Pyrotechnic Control Assembly

Phase Code Modulated—Phase Shift
Key—Phase Modulated

Project Development Plan
Programmed Data Processor
Particle Flux Detector
Planetary Horizontal Platform
Phase-Locked Loop

Project Management Plan
Psuedo Noise

Program Requirements
Program Requirements Documentation
Phase-Shift Key

Power Switching and Logic
Program Support Plan

Proof Test Model

Quality Control Requirement Report
Quick-Look

Resistive-Capacitive

Radio Frequency Interference
Radio Frequency Trailer
Request for Programming
Relay Position Indicator

Real Time

Real-Time Commands
Read-Write-Verify

Switching Amplifier Compensation
Spacecraft Assembly Facility

Switching Conferencing and Monitoring
Assembly

SCF
SCR
SDAT
SDS
SDT
SFO
SFOC
SFOF
SFOP
SG
SNR
SPDT
STC
STL
ST/N/B

STO

SYNC,
sync

T-A
TC
TCM
TDEP
TFV
TIL

T/M
TMC
TMS
TPS
T-R
TRL
TT
TTY

UDMH

VBE
vCO
VLF
VSWR
VIVM

Spacecraft Checkout Facility
Silicon Control Rectifier
Spacecraft Data Analysis Team
Spacecraft Design Specification
Scientific Data Translator

Space Flight Operations

Space Flight Operations Complex
Space Flight Operations Facility
Space Flight Operations Plan
Sun Gate

Signal-to-Noise Ratio
Single-Pole, Double-Throw
Systems Test Complex

Space Technology Laboratories

Signal Energy / Noise Power/Unit
Bandwidth

Systems Test Objectives
Synchronization

Type-Approval (tests)
Temperature Control (unit)
Temperature Control Model
Tracking Data Editing Program
Twin Falls Victory (ship)

Telecommunications Investigation
Laboratory

Telemetry

Telecommunications Monitor Console
Telecommunications Monitor System
Telemetry Processing Station
Transformer-Rectifier
Transistor-Resistor-Logic

Telemetry Trailer

Teletype

Unsymmetrical Di-Methyl Hydrazine

Voltage (Beta) Drop
Voltage-Controlled Oscillator
Vehicle Launch Facility
Voltage Standing Wave Ratio
Vacuum Tube Voltmeter
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Preface

This Progress Report covers the Mariner R Project for the period
August 1961 to September 1962. The chronology begins with the acti-
vation of the project as a means for meeting the 1962 Venus launch
opportunities. Reported activities include project management, design
and development, fabrication, testing, prelaunch checkout, and launch
operations.

A report scheduled for publication in Spﬁng 1963 will cover the
space flight operations and mission results for Mariner I1.

MR,

W. H. Pickering, Director
Jet Propulsion Laboratory

KT ol

R. J. Parks
Planetary Program Director

/ﬁ? it

L g
J. N. James

Mariner R Project Manager
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l. Project Objectives and Status

The purpose of the Mariner R (1962) Project was to
perform the National Aeronautics and Space Administra-
tion P-37 and P-38 missions to Venus during the third-
quarter launch opportunities in 1962. The Mariner R was
a replacement for the Mariner A Project, which was can-
celled in September 1961 because of the unavailability of
the Centaur launch vehicle.

The primary objective of the Mariner R (1962)
Project was to develop and launch two spacecraft to the
near-vicinity of the planet Venus in 1962, to make inter-
planetary measurements on the way to and in the vicinity
of the planet, to receive communications from the space-
craft while in the vicinity of Venus, and to perform a
scientific survey of the characteristics of the planet itself.

The launch vehicle used in this project was the Atlas
D-Agena B, providing a spacecraft weight of approxi-
mately 446 1b.

It was planned to launch the two probes sequentially
off the same launch pad. All activities were planned to
exploit the limited launch period to the maximum extent,
based on a nominal launch period of 56 days, from July
18 through September 12, 1962. The minimum separation
between the two launches was established as 21 days.

Since the time from the first consideration of a Mariner
R mission to its launch date was less than one year (mid-
August 1961 to mid-July 1962), many aspects of the
project assumed the characteristics of a “crash” program.
To meet the objectives in the time available, decisions
had to be made quickly, a design had to be frozen at the
earliest possibility, and all schedule milestones had to be
met on time. To save time and to take advantage of
experience already gained, use was made of existing
Ranger committees and procedures wherever possible.
The resultant design, with the limitations of time and
weight allowance, produced a spacecraft with little or no
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redundancy and, consequently, one in which lower relia-
bility was the trade-off for time. Thus, the high-risk
nature of the mission was recognized.

Since it was recognized during project planning that
there would be insufficient time for a proof test model,
none was scheduled. The first spacecraft would be a flight
model. Flight-acceptance testing of all assemblies was
mandatory. Flight-acceptance test specifications were to
be written and reviewed for adequacy. It was assumed
that there would be insufficient time for type-approval
testing of assemblies; therefore, such testing was encour-

aged but not made mandatory. Quality control inspection
of all delivered assemblies was mandatory.

The planning called for two spacecraft and one set of
spares, two sets of System Test Complex equipment and
one set of spares, and two sets of launch complex equip-
ment in support of the spacecraft.

All major milestones were met on time, including ar-
rival of equipment at Atlantic Missile Range and the
subsequent launches on July 21 and August 27, 1962,
respectively, for the P-37 and P-38 missions.
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ll. Project History

A. Background

The Mariner R Project was developed from the commit-
ment of the Jet Propulsion Laboratory to the unmanned
exploration of space for the National Aeronautics and
Space Administration. Following the Vega program in
1959 and the Mariner A and B Projects, Mariner R was
activated in September 1961 in order to take advantage
of the 1962 Venus launch opportunities, despite delays in
the development of advanced second-stage vehicles.

The Mariner A and B spacecraft were in the 1250-1b
class and were designed to make scientific investigations
in interplanetary space and in the vicinity of Venus and
Mars, respectively, during the 1962/1964 launch oppor-
tunities. Because of funding limitations, no Mars missions
were scheduled in 1962. Both spacecraft were to be
launched by a vehicle consisting of a modified Atlas D
first stage, and a Centaur liquid-hydrogen/liquid-oxygen,
high-energy second stage.

The Centeur vehicle, under development by General
Dynamics/Astronautics at San Diego, California, had two
gimbal-mounted engines, each capable of generating
15,000 Ib of thrust. Ten small hydrogen peroxide mono-
propellant engines were provided for attitude control,

consolidation of main propellants, and final velocity cor-
rection.

The Mariner A configuration was scheduled to fly the
NASA P-37 and P-38 missions to Venus in summer 1962
as a developmental spacecraft on Centaurs 7 and 8. How-
ever, slippages in the Centaur schedule began to com-
promise the Venus launches and the missions were forced
into a rescheduling. In the summer of 1961, Space Tech-
nology Laboratories of Los Angeles, California, were pro-
posing an Able-M solid-stage, spinning rocket to be
launched by an Atlas-Agena vehicle to Mars in 1962,
with a dual capability to Venus in 1962 as a back-up to
Centaur slippages. This proposal was considered but not
approved by NASA.

B. Mariner R Proposals

The situation did not improve and, by the second week
of August 1961, it was generally recognized that the
Centaur would not be available for the 1962 Venus launch
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period. Consequently, in mid-August, discussions with

NASA explored - the possibility of using lightweight,
attitude-stabilized spacecraft for the P-37/P-38 missions,
since it was considered most important that the United
States launch probes to the planets in 1962 if at all
possible.

Without adding another stage to the Atlas-Agena or
modifying the launch vehicle in any way from the con-
figuration used for Ranger, it would be impossible to
include a midcourse trajectory correction system or to
conduct more than one launch. However, NASA and JPL
both believed that the inclusion of a midcourse guidance
capability and the scheduling of two launches within the
1962 period should be accomplished if at all possible.

On August 28, 1961, in a letter to NASA Headquarters,
JPL proposed the feasibility of a 1962 Venus mission,
based on an Atlas-Agena launch vehicle and the use of a
hybrid spacecraft combining features of the Ranger 3 and
Mariner A designs. This spacecraft was proposed to carry
25 Ib of instruments (later increased to 40 Ib). Only one
launch could be guaranteed, but two were possible within
the July-September 1962 period if the Agena weight could
be reduced. The project would not require significant
changes in the Ranger schedule, but would necessitate
the transfer of certain launch vehicles.

In addition to the activation of a Mariner R Project,
JPL would proceed with the design and development of
the Mariner B spacecraft, scheduled for launch by Atlas-
Centaur with dual Mars-Venus capability in 1964 and
beyond. Coincidentally with the implementation of the
Mariner R program and the shift of emphasis in Mar-
iner B, the Mariner A Project was to be cancelled.

Accordingly, NASA authorized cancellation of Mariner
A, activation of the Mariner R Project, and establishment
of the dual capability for the Centaur-based Mariner B
in 1964.

With the new Mariner R Project approved, an all-out
effort was begun to design, develop, procure, assemble,
test, and launch two spacecraft within an 11-mo period.
In addition, a significant launch vehicle effort involving
design modifications and manufacturing changes was un-
dertaken. The many associated efforts encompassing tra-
jectory work, launch and flight operations preparation,
design and fabrication of special ground support equip-
ment and handling fixtures, and implementation of range
support were pursued on a “crash” basis.

a4

JPL entered the Mariner R Project with the objective
of performing meaningful scientific experiments in inter-
planetary space and in the vicinity of Venus in 1962, with
primary emphasis on experiments relating to the surface
and atmosphere of the planet. The improvised program
would also enable the Laboratory to recoup part of the
investment in time and money already expended for the
Mariner A Project.

Making maximum use of Ranger and Mariner A expe-
rience, reprogramming and rescheduling decisions were
made. A design team and a project management team
were appointed. Initial contacts were made with Marshall
Space Flight Center and the Air Force Space Systems
Division in September. Two preliminary design freeze
dates were established: October 16, 1961, for subsystem
interfaces; and December 15, 1961, for the total space-
craft design. Changes were possible after those dates, but
only as the result of a thorough project review, and if
necessary in order to achieve the basic mission objectives.

It was determined that the total spacecraft weight
would be about 460 1b, rather than the some 1050 to
1250 b planned for Mariner A and B. An 85-n mi park-
ing orbit was initially selected in order to make 14 1b
more payload available; however, this orbit was later
changed to 100 n mi. In order to meet the flight schedule,
tested flight assemblies and instruments would have to
be available in the assembly building at Pasadena on
January 15, 1962. Where possible, the estimated 40 Ib of
instruments would have to be procurable essentially in
flight configuration, without benefit of breadboard and
engineering-mode! phases of development. Except for the
infrared radiometer, all instruments would have to be
reworked Ranger or Mariner A designs.

C. Mariner Chronology

Although the plan to place two flightready Mari-
ner R spacecraft on the launch pad in time for the July—
September 1962 launch period started at a point 6 wk
behind a comparable stage in the Mariner A schedule,
the spacecraft were designed, assembled, tested, shipped,
flight-checked, and launched within the scheduled times.

A chronological listing of the more important mile-
stones in the Mariner R operations follows, covering the
period from August 1961 through August 1962.
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Week of July 31, 1961. NASA estimated 9-mo slip in
Centaur 4 and asked JPL to reprogram Mariner.

Week of August 7, 1961, Project and Systems Division
study effort begun to reprogram Mariner.

Week of August 14, 1961. Series of meetings with
NASA and JPL groups on reprogramming of Centaur and
Mariner. Feasibility study on Mariner R for Venus 1962
under way.

Week of August 21, 1961. Recommendations for plan-
etary reprogramming issued to Director and staff.

Week of August 28, 1961. NASA approved activation of
Mariner R, cancellation of Mariner A, and effort toward
dual capability for Mariner B. Work started on the
Project Development Plan, schedules, and design activity;
initial liaison with Lockheed.

Week of September 4, 1961. Initial contact with MSFC
and AFSSD; discussion on problems associated with a
double shot.

Week of September 11, 1961. Discussions at Lockheed
to determine Agena capability for Mariner R; 460-lb
spacecraft indicated.

Week of September 18, 1961. Mariner R preliminary
design frozen. Scientific package to include infrared and
microwave radiometers, magnetometer, plasma, ion cham-
ber, and micrometeorite experiments.

Week of September 25, 1961. Feasibility of two Venus
launchings in 1962 confirmed to NASA Headquarters.
Interface scheduling meeting held with LMSC.

Week of October 2, 1961. Schedule established to de-
liver two spacecraft to SAF on January 15 and 29, 1962;
spares to follow 2 wk later. Project team concept estab-
lished and asignments made. Mariner R Project Policy
and Requirements interoffice memorandum issued to
divisions. Control schedule issued to divisions.

Week of October 9, 1961. Discussions with NASA about
experiments to be flown. Spacecraft mock-up ready for
cabling layout to begin.

Week of October 16, 1961. Assistant Mariner R Project
Manager added to staff. Equipment list and flow chart
requirement issued.

Week of October 23, 1961. Vibration test of spacecraft
test model superstructure.

Week of October 30, 1961. Two-day meeting at MSFC
to coordinate Project Development Plan. Flow charts on
equipment due.

Week of November 6, 1961, Match-mate tests, space-
craft mock-up, Agena shroud and adapter. Thermal con-
trol model into 6-ft simulator. Systems Division assumed
function of preparation and coordination of working
schedules and Project meetings.

Week of November 13, 1961. Spacecraft-Agena adapter
separation tests in process. Meetings with MSFC and
LMSC representatives to discuss relationships, schedules,
and reports.

Week of November 27, 1961. Parking orbit changed
from 85 to 100 n mi; spacecraft weight reduced from 460
to 446 1b.

Week of December 4, 1961. Mariner R Project-Wide
Status Review.

Week of December 11, 1961. ECR total freeze date
deferred until January 8-15. Interface freeze list estab-
lished December 14. Divisions asked to order complete
MR-3 spares and to plan on assembling MR-3 and check-
ing it after launch of MR-I and MR-2. Experimenter
participation invited by NASA letter.

Week of December 18, 1961. Experimenters meeting at
JPL. PDP sent to MSFC.

Week of December 26, 1961. Decision made to use
MR-3 as test device. Meeting with MSFC to resolve inter-
face schedules.

Week of January 2, 1962. Spaceframe delivered to
SAF 1 wk ahead of schedule. JPL requested additional
days on launch pad from MSFC; pad schedule meeting
held at JPL.

Week of January 8, 1962. MR-1 in assembly; final PDP
transmitted to NASA; Assembly and Operations Plan
issued; first PDP revision issued.

Week of January 15, 1962. MR-1 assembly 80% com-
plete. Materials Review Board action delayed until in-
spection at SAF on mechanical items.

Week of January 22, 1962. MR-I assembly complete;
electrical and magnetic field tests started. MR-2 assembly
started. First magnetic field test of assembled MR-I
showed fields of 10 to 15 gamma. MR-1 weighed; pre-
dicted weight now 446 =2 to 3 1b.

Week of January 29, 1962. Project Design Status Re-
view. MR-1 estimated about 1 wk ahead of schedule.
LMSC-JPL r-f tests under way at JPL. Range Safety con-
sideration for Mariner R approved by Air Force Missile
Test Center.

5
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Week of February 5, 1962. Status Review held at
LMSC. Meeting at Cape Canaveral to discuss mission
objectives, uncover areas needing attention.

February 10, 1962. Initial MR-2 power turn-on.

Week of February 26, 1962. Temperature control
model into space simulator; only limited tests possible
since no Sun simulation available; MR-I and MR-2 on
schedule, by-passing shortages. Attitude-control gas sys-
tem and solar panels major trouble areas.

Week of March 5, 1962. TCM into simulator for second
test series. MR-1 about half-week behind schedule; MR-2
still ahead. System Test Objectives document signed off.
Decision not to impose any mandatory AMR data re-
quirements on MR-2. Meeting to discuss large number of
firing tables required for Mariner R.

Week of March 12, 1962. System tests begun on both
spacecraft. Decision that MR-1 and MR-2 were planned
to go into small space simulator, TCM into large facility.

Week of March 19, 1962. Trajectory meeting with
LMSC, STL, and other interested agencies; first launch
possibility set for July 15. Atlas, Agena, spacecraft essen-
tially on schedule. Gas valves, infrared radiometer, solar
panels principal problems.

Week of March 26, 1962. Match-mate tests on MR-1
and Agena shroud and adapter.

Week of April 2, 1962. MR-1 small simulator tests
revealed CC&S and power problems. Match-mate on
MR-1 and MR-2 complete. Preliminary estimate issued
on down-range tracking and telemetry support to be
provided by AMR (PAA). Squib test on type-approval
solar panel latching pin-puller systems.

Week of April 9, 1962. MR-1 small simulator tests com-
plete; MR-2 dummy run and match-mate conducted;
TCM in large simulator. Project-Wide Status Review
meeting held. First use of “Problem List” monitoring of
daily progress on spacecraft status.

Week of April 16, 1962. MR-2 undergoing vibration
tests. Project Manager observed RA-4 operations at AMR.

Week of April 23, 1962. MR-2 in small simulator; MR-1
in vibration tests. AMR Range Safety defined launch
sector as 93-110 deg with no destruct receiver on Agena.

Week of April 30, 1962. Spacecraft Systems Manager
appointed. MR-1 magnetometer-mapped; MR-2 simulator
tests completed.

Week of May 7, 1962. MR-1 dummy run completed.
JCLOT test conducted with the spacecraft, SFOC, CCF,

* UNCLASSIFIED SFL

and SDAT participating. Interplanetary measurements
on way to Venus established by NASA as primary mission
objectives, as well as planet-related experiments. Meet-
ings held to discuss imcorporation of 960-mc telemetry
on Ascension and TFV,

Week of May 14, 1962. CIean—up,. microscopic inspec-
tion, completion of ECR’s on both MR-I and MR-2. MR-3
assembly begun. First two vans of equipment shipped to
AMR.

Week of May 21, 1962. Final system test of MR-I com-
pleted satisfactorily; spacecraft prepared with GSE for
shipment. All outstanding ECR’s completed. Final system
test of MR-2 completed satisfactorily.

Week of May 28, 1962. MR-1, MR-2, MR-3 and all asso-
ciated GSE shipped to AMR. Spacecraft System Manager
status report to Senior Staff. Atlas for MR-I aboard a
C-133 at San Diego; all C-133 aircraft grounded.

Week of June 4, 1962. All spacecraft and equipment
arrived at AMR. Shipment of Atlas for MR-I delayed
until June 9.

Week of June 11, 1962. MR-1 and MR-2 firing dates
established. Both spacecraft in ready-to-fly condition.
Atlas erected at AMR.

Week of June 18, 1962. MR-2 Atlas and Agena arrived
at AMR. MR-3 assembled and in electrical checkout at
AMR. Documents published: SFOP revision 1, STO
major revision, OR 3300 and 3330, and FTD.

Week of June 25, 1962. MR-3 system-tested satisfac-
torily.

Week of July 2, 1962. Dummy run and JFACT test on
MR-1.

Week of July 9, 1962. MR-1 final flight preparations
and system test; final system test on MR-2.

July 22, 1962. MR-1 launched; destroyed by Range
Safety at about 292 sec of flight because of erroneous
Atlas yaw-left maneuver.

Week of July 23, 1962. MR-1 review meeting held at
Air Force Space Systems Division; panels formed to
investigate GE rate beacon and guidance equations.

Week of July 30, 1962. MR-2 JFACT completed.

Weeks of August 6, 13, 20, 27, 1962, MR-2 tests con-
cluded. MR-2 launch postponed from August 17 to 18
to 20 to 27 because of Atlas autopilot troubles.
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MR-2 was finally launched on August 27, 1962, on an
azimuth of 106.8 deg. Telemetry showed that all engineer-
ing systems were functioning and that the spacecraft was
successfully injected into a Venus transfer trajectory
within the capabilities of the midcourse correction sys-
tem. Following separation and shroud ejection, Sun ac-

quisition was successfully completed. On August 31, 1962,
the closest approach (uncorrected) to Venus was esti-
mated to occur on December 13, 1962, at 376,000 km.
At 8 a.m. on August 31, the spacecraft was 777,025 st mi
from Earth, flying at an Earth-referenced speed of
6,927 mph. A later report will cover the flight operations.
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lll. Project Organization and Management

A. Management Organization

1. National Aeronautics and Space
Administration

The responsibility for the Mariner R Project at National
Aeronautics and Space Administration headquarters was
assigned to the office of the Director of Lunar and Plane-
tary Programs, under the over-all direction of the Office
of Space Sciences. The organization chart shown in Fig. 1
indicates the relationship“of these offices.

2. Jet Propulsion Laboratory Organization

The Jet Propulsion Laboratory was assigned project
management responsibility for the Mariner R Project.
JPL was also assigned system management responsibility
for the Mariner R spacecraft system, including the asso-
ciated complex for postinjection space flight operations.
Figure 2 is an organization chart of the Jet Propulsion
Laboratory. A summary of the responsibilities under the
project manager structure is shown in Fig. 3.

3. Marshall Space Flight Center

The George C. Marshall Space Flight Center was as-
signed responsibility for the over-all management and
conduct of the launch vehicle portion of the Mariner R
Project. In particular, this assignment included adminis-
trative and technical responsibility from vehicle procure-
ment through launch and tracking to spacecraft injection.
Figures 4 through 6 show the organizational structure
at MFSC.

Vehicle system responsibility. The Director, MFSC, in
order to assume management cognizance of the Agena B
and Centaur Projects, established as his principal agent
a Light and Medium Vehicle Office directed by Mr.
Hans Hueter. Mr. Hueter has responsibility for assuring
proper vehicle support to the several space projects, in-
cluding Mariner R, which utilize these vehicles, along
with procurement and proper coordination with Air Force
boost vehicles, such as Atlas, to be utilized with Mar-
iner R. In order to support the Mariner R Project, as well
as others utilizing the Agena B vehicle, an Agena B Sys-
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tems Manager, Mr. Friedrich Duerr, was appointed
within this organization. Mr. Duerr is responsible for the
planning and execution of the approved Agena B vehicle
projects, including procurement; modification; GSE; plan-
ning and implementation of launch-to-injection, tracking,
and instrumentation; and certification of performance
and reliability analysis. The assigned responsibility in-
cludes ensuring the integrity and performance of the
launch vehicle and spacecraft for proper mating of these
systems necessary for the successful injection of the
spacecraft. This effort includes facilities and ground sup-
port equipment for the various phases of manufacturing,
testing, and launch preparation. In view of the contrac-
tual arrangements for launch vehicles, the activities of
the prime contractors and subcontractors are directed by
Mr. Duerr through the Air Force Space Systems Division.

Launch operations responsibility. Within Marshall
Space Flight Center, a Launch Operations Directorate
was assigned responsibility for NASA launches in accord-
ance with Marshall Manual 2-2-9, dated July 1, 1960. For
the project assigned to the Light and Medium Vehicle
Office, LOD was to perform the launch operations in
response to program requirements and objectives as spec-
ified by the Agena B Systems Manager. LOD Director,
Dr. Debus, designated within LOD Mr. Charles Cope as
the NASA Agena B Coordinator. The NASA Agena B
Systems Manager placed requirements with LOD through
Mr. Cope. On July 1, 1962, LOD was redesignated as the
Launch Operations Center, Dr. Debus, Director. There
was no need, however, to renegotiate agreements reached
earlier with LOD relating to the Mariner R Project.

4. AirForce Space Systems Division

Responsibility for procurement, together with logistic
and management support to meet NASA Agena launch
schedules, was assigned to the USAF. AFSSD was re-
sponsible for operational, administrative, and technical
support for NASA Agena launch vehicles. This assign-
ment included personnel and facilities in support of
launch operations. AFSSD acted as agent for MSFC in
contract procurement of launch vehicles in accordance
with USAF procedures, except as modified by NASA
regulations and policy, or by law. The SSD Director for
NASA Agena Projects (Major J. Albert) was the normal
USAF contact for SSD operations associated with the
NASA Agena Project (Fig. 7).

5. Lockheed Missiles and Space Company

Within LMSC, the NASA Agena Project was managed
by a Program Office headed by Mr. H. T. Luskin. The

INCEASSIFIED

MSFC plant representative’s office, Mr. Luskin, and a
portion of the LMSC staff active on the project were lo-
cated together for ease of communication. In 1960, LMSC
“projectized” its organization to increase the responsive-
ness of the various technical groups contributing to the
program. Figure 8 shows the LMSC organization sup-
porting the NASA activities, including the Mariner R
Project.

6. Permanent Project-Wide Bodies

In order to utilize the relationships developed on
Ranger/Agena to the maximum, the same board and
panels as existed in the Ranger Project were used for
Mariner R, serving as technical advisers to the project
and system managers.

Agena B Coordination Board. This board was ap-
pointed at the beginning of the Ranger Project to coordi-
nate the vehicle requirements of the various users of the
Agena B vehicle and to provide a mechanism for the
settlement of interagency problems. The Agena B board
composition follows: :

Chairman
Deputy Chairman
Lunar Program Director

J. L. Sloop

D. L. Forsythe
B. Milwitsky
J. L. Mitchell

NASA
NASA
NASA
NASA

W. Jakobowski NASA

F. Duerr MSFC Agena B Systems Manager
J. D. Burke JPL Ranger Project Manager

J. N. James JPL Mariner R Project Manager

E. A. Rothenberg GSFC

Vehicle Integration Panel (F. Duerr, Chairman). This
group continually monitors, compiles, and evaluates the
structural, network, and configurational problems as they
relate to the interface between the spacecraft and vehicle
with shroud. The panel is also responsible for the inter-
face aspects of the launch checkout procedure.

Performance Control, Trajectories, Guidance and Con-
trol, and Flight Dynamics Panel. (].L.Stamy, Chairman).
This panel continually monitors, compiles, evaluates, and
coordinates data relating to performance, trajectories,
guidance and control, and flight dynamics as they inter-
act with the vehicle, the shroud, and the spacecraft
interface.

Tracking, Communication, In-Flight Measurements
and Telemetry Panel (M. S. Johnson, Chairman). This
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group continually monitors, compiles, evaluates, and co-
ordinates data relating to tracking, communications, in-
flight measurements and telemetry as these items interact
with the vehicle, the shroud, and the spacecraft.

Atlas/Agena B Flight Test Working Subgroup. This
group acts as the prime mechanism for coordinating flight
preparations. Members participate in vehicle and range
readiness meetings, culminating at T — 1 day, at which
time the Launch Operations and Test Director (Dr.
Debus) assumes over-all control with AFSSD assistance.

B. Launch Vehicle Relations

A major concern of the Mariner R Project management
was to control, coordinate, and follow the many activities
of the project. As noted in Section I, five separate organ-
izations have areas of prime technical cognizance in the
project. To assist in the resolution of problems, to keep
channels of communications open, and to inform and

unite the different organizations for achieving the objec-
tives of the Mariner R Project, considerable person-to-
person contacts were made.

A series of status reviews was held. These meetings
were held at Lockheed Missiles and Space Company
(Sunnyvale, Calif.); Jet Propulsion Laboratory (Pasa-
dena, Calif.}; Atlantic Missile Range (Cape Canaveral,
Fla.); and General Dynamics Corporation (San Diego,
Calif.). At these reviews, project policies and orientation
were presented and all agencies involved in the project
were represented. It is believed that the status meetings
promoted better understanding of organizational inter-
faces within the project. It is expected that Mariner
(1964 ) will continue to use this technique.

C. JPL Activities and Imple-
mentation of JPL Activities

In addition to project management responsibility for
the Mariner R Project, JPL was responsible for: (1) the

15
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Fig. 9. JPL division project representative organization

design, fabrication, and testing of the spacecraft and
its associated ground support equipment; (2) the space
flight operations of the spacecraft from injection to plane-
tary encounter; and (3) the Deep Space Instrumentation
Facility tracking operations. To implement these respon-
sibilities, the following techniques were developed by
the project.

1. Project Policy and Requirements Document

This document specified the project policy and require-
ments for the Mariner (1962) mission. It established the
operational procedures for the project in that it stated
mission objectives, system requirements, milestones, and
an over-all guideline schedule. The document is attached
to this Report as Appendix A.

UNCLAS:

2. Weekly Project Meeting

Weekly project meetings were held with representa-
tives from each of the operating divisions. These meet-
ings established the hard core of individuals who had a
continuity with the over-all aspects of the project. These
individuals were assigned from each technical area and
formed an organizational matrix to aid in the exchange
of information, to monitor progress, and to function as
the hub of all project action. Minutes of the meetings
were published and distributed to all other interested
personnel at JPL. The organizational structure is shown
in Fig. 9.

3. Design Freeze

Since Mariner R was a crash project, requiring shipping
of equipment to AMR 9% mo after the go-ahead, it was
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MARSHALL SPACEFLIGHT CENTER SCHEDULES

" INTERFACE SCHEDULES

JET PROPULSION LABORATORY SCHEDULES,

SPACECRAFT
VEHICLE SPACTCRAMT
INTEGRATION g
LAUNCH INTEGRATED SPACECRAFT
VEHICLE FACILITIES GSE AND GSF
ATLAS/AGENA v
FOR P-37
P-38
SPACECRAFT
LAUNCH BASE ASSEMBLY
OPERATIONS AND OPERATIONS
LAUNCH
COMPLEX-12
LOADING SPACE FLIGHT
DOCUMENTATION OPERATIONS
COMPLEX
TRAJECTORIES

Fig. 10. Mariner R Project schedule reporting structure

necessary to freeze the design without inhibiting neces-
sary design action. The problem of when and how to
freeze the design was complicated by a natural tendency
by hardware-producing divisions to set the cut-off date
as late as possible, while wishing other areas to freeze as
early as possible. In addition, documentation was incom-
plete for all subsystems.

An initial survey of the subsystems was conducted to
determine when to freeze and in what order. Major inter-
faces were scheduled first. Thereafter, any individuals
who desired to freeze their particular subsystems, in
whole or in part, could do so by referencing the appro-
priate control documents on the freeze list. A list—"Mar-
iner R Change Freeze —was published periodically and
any changes to those drawings and specifications listed
required an Engineering Change Requirement.

Thus, the Mariner R Project was able to institute a
continuing freeze concept while maintaining flexibility of
operation by scheduling major interface freezes and
allowing other areas to be frozen at will for defensive
reasons. A complete freeze requiring ECR action was
instituted January 15, 1962. Appendix B is a sample of
the Change Freeze List as of December 29, 1961.
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4. Scheduling

An initial schedule structure for the Mariner R Project
is shown in Fig. 10. The evolution of schedules contin-
ued during the project so that two agencies, JPL and
MSFC (via LMSC), were providing the following
schedules:

JPL schedules
(1) Spacecraft Schedule, P37, P38 (Fig. 11)

(2) Space Flight Operations Complex Schedule (Fig.
12)

(3) Spacecraft GSE and GSF, P-37, P-38 (Fig. 13)
(4) Documentation, P-37, P-38 (Fig. 14)

(5) Mariner R Trajectory Schedule (Fig. 15)

(8) Spacecraft Assembly and Operations (Fig. 16)
(7) AMR Facilities and GSE (Fig. 17)

(8) Launch Base Operations (Fig. 18 and 19)
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1962
EVENTS JAN I FEB MAR APR MAY I JUNE

1 8 15 22 |29 15 12 119 |26 |5 12 j19 |26 (2 9 16 (23 |30 |7 14 (21 |28 |4 11 18 |25

GSE AND HANDLING EQUIPMENT
1. .Deliver to SAF Complete

STC No. 1

STC No. 2

LCE v

Spacecraft Handling Equipment

STC No. 1 Spares

LCE Spares

Spacecraft Simulator | l
2. Assembly and Checkout Complete (SAF)

STC No, 1

STC No. 2

LCE

Spacecraft Simulator

JT
<

o

Spacecraft Umbilical J-Box 1

Spacecraft Umbilical J-Box 2 and 3
400-cps Generator 1 and 2
400-cps Generator 3

R

Dummy Run Trailer
3. Ship to AMR I

STC No. 1 and Spares

STC No. 2

LCE and Spares

LCS and Spores |

<

Spacecraft Handling Equipment |

Spacecraft Simulator

Spacecraft Umbilical J-Box 1

Spacecraft Umbilical J-Box 2 and 3
400-cps Generator 1 and 2
400-cps Generator 3 l
4. Assembly ond Checkout Complete (AMR) ]
STC No. 1 | |
STC Ne. 2
LCE
LCS
Spacecraft Umbilical J-Box 1 |
Spacecraft Umbilical J-Box 2 and 3 |
400-cps Generator 1 and 2
400-cps Generator 3

PR

i«

Fig. 13. P-37, P-38 spacecraft GSE and GSF schedule

<4444 <

FACILITIES

1. SAF Ready to Begin Assembly T
Spacecraft and GSE
MR-1
MR-2 y

2. Environmental Laboratory (Vibration) Utilization | ) |

3. Space Simulator Utilization 7777 J/lL el e e et s s sk i

N R N B B O A B 2020

PLANNED 7 w2z LCE —Launch Complex Equipment
ACTUAL 'V mmm LCS —Launch Control Shelter Equipment
SAF—Spacecraft Assembiy Facility
STC —System Test Complex

4. Magnetometer Tests l I

24
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MSFC (via LMSC) interface planning schedules

(1) Interface Plan-Agena 6901/6902; MR-I and
MR-2

(2) Mariner R Documentation Schedule, MR-1 and
MR-2

(3) Pad Loading Modification and Checkout

(4) Mariner R Milestone Schedule—Pad 12 Opera-
tions

MSFC schedules (2), (3), and (4) and JPL schedules
(3), (4), and (7) were, in general, compatible with JPL
and project planning, which were reflected in greater de-
tail in the JPL schedules. During the course of the project,
by a process of reiteration, these particular JPL and
MSFC/LMSC schedules were combined into a single

issue.

The responsibility for preparing the various JPL sched-
ules was assumed by cognizant individuals in the Systems
Division who were in close contact with detail operations
of the project.

It was project policy to accept the schedules as being
at all times dynamic in nature and, therefore, subject to
change. However, it was also project policy to insist that
all phases of the project be scheduled with the best avail-
able information, and to use the schedules as a measure-
ment of planning efficiency.

From the schedules, Project Management Plan reports
were prepared and reporting of PMP milestones to NASA
Headquarters was accomplished.

5. Mariner MR-3

The original plans for the Mariner Project stated a ve-
quirement for two flight-ready spacecraft and one set of
unassembled spares. When the delivery of the three sets
of spacecraft parts was complete, it was decided that the
incorporation of the set of spares into an assembled and
tested spacecraft would be beneficial and useful to the
project. Subsequent events showed this decision to be
wise. The resulting MR-3 spacecraft was used for prob-
lem detection at AMR while MR-2 was in a launch con-
dition. At the present time, the MR-3 is being used to
support the space flight operations; it will also be used
for design verification tests and life tests for the 1964
spacecraft.

6. PlList

In order to focus attention upon and keep cognizant
individuals informed of any “problems that are consid-
ered to be jeopardizing the Mariner R mission,” a prob-
lem or “P” list was developed. This list was first issued
on April 16, 1962. Sixty-one problems were identified on
the list from this date until completion of the midcourse
maneuver for MR-2. Appendix Cis a typical P List.
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IV. Spacecraft System

A. Mariner R Design

Upon cancellation of the Mariner A Project in mid-
August 1961, a feasibility study was conducted to deter-
mine the practicability of flying a Venus mission in 1962
with the Atlas-Agena B boost vehicle. Initially, the space-
craft took the form of a Venus fly-by vehicle with no
midcourse maneuver to correct for booster error, because
of the anticipated weight limitation of 375 1b. Re-evalua-
tion of the Agena vehicle capability in view of the Venus
1962 mission objectives showed that certain hardware
could be removed without compromising the objectives,
resulting in an allowable spacecraft weight of 460 Ib.

The Mariner R preliminary design was initiated in early
September 1961, using this new weight constraint. It was
then possible to include the weight of a midcourse pro-
pulsion system to increase the probability of approaching
near enough to Venus to perform a planet-oriented scien-
tific experiment. The initial weight allocations of the
Mariner R spacecraft are shown in Table 1.

Certain design characteristics served as guidelines in
the preliminary design phase. These included (not in
order of priority):

(1) The capability of two-way communications until
the spacecraft passes Venus

(2) Reasonable assurance of not impacting the planet
because the spacecraft would not be sterilized

3) The capability of performing planetary and inter-
p y oL p
planetary experiments

(4) Performance of a midcourse maneuver to correct
for miss components and time of arrival; planet

Table 1. Initial Mariner R spacecraft weight allocations

Initial Final
Subsystem allocation weight, Ib
weight, Ib

Transponder 41.07 39.0
Command 10.00 8.8
Power 108.39 105.3
CC&S 9.96 11.2
Data encoding 15.50 13.6
Attitude control 57.40 53.3
Structure 82.30 77.2
Actuators 3.40 3.3
Pyrotechnics 3.75 4.3
Motion sensors 1.33 1.4
Spacecraft wiring 33.00 37.8
Propulsion 31.18 33.9
Thermal control 17.00 10.1
Science 40.00 49.5
Contingency 5.72 —_
TOTAL 460.00 448.7

 UNCLASSIFIED  ~
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(7)

(8)

encounter to occur within view of the Goldstone
tracking station

Maintenance of Sun-Earth lock to enhance the re-
ception of telemetry through the directional an-
tenna and to assist in the environmental control of
the spacecraft

Use of two data rates: a high rate early in the
flight to assist the functional relatonship with the
DSIF, and a second rate at Earth acquisition to
permit reception of data at all DSIF stations while
in the vicinity of Venus, on the basis of nominal
performance

Derivation of power primarily through use of solar
cells

Transmission of science data in real time

A Spacecraft Design Specification Book was prepared
and published to provide a single source of information
about the spacecraft; it has served as a design tool and a
control document defining the system in general terms.
The book is used in the establishment of systems, sub-
systems, and over-all spacecraft design, and in the dis-
semination of design changes to all persons concerned
with the program. It covers only spacecraft flight systems
and associated ground equipment.

The specifications in effect on September 1, 1962 follow:

General specifications

(1) Mission Objectives and

Design Criteria MR-2-110A
(2) Design Characteristics MR-3-110
(3) Design Restraints MR-3-120C

Functional specifications

(1) Mariner R Standard

Trajectories MR-4-110
(2) Spacecraft Design Param-

eters, Nomenclature, and

Locations, Mariner R MR-4-120D
(3) Flight Electrical Harness-

ing and Ground Cabling MR-4-130
(4) Vehicle Integration,

Mariner R MR-4-140

MR-4-150B

(5) Telemetry Criteria

34

(6) Scientific Experiments for

(7) Mariner Scientific Power
Switching Unit

(8) Data Conditioning System,
Scientific Instruments,

(9) Telecommunications
System, Mariner R
(10) Spacecraft Radio

(11) Spacecraft Telemetry
(12) Spacecraft Command
(13) Attitude Control System,
(14) Midcourse Guidance
System, Mariner R
(15) Midcourse Autopilot,
(16) Central Computer and
Sequencer, Mariner R

(17) Power Supply System,

(18) Temperature Control
System, Mariner R

(19)
(20)
(21)

(22)

(23)

(24) Layout Configuration and
Packaging, Mariner R

Mariner R

Mariner R

Subsystem

Subsystem

Subsystem

Mariner R

Mariner R

Mariner R

Structure, Mariner R

Spacecraft

Structural Design Criteria,

Mariner R

Pyrotechnic Subsystem,

Mariner R

Mariner R Control and
Determination of Weight,
Center of Gravity, Moments
of Inertia, and Products

of Inertia

Mariner R Midcourse
Propulsion System

MR-4-210A

MR-4-220B

MR-4-230B

MR-4-310

MR-4-320A

MR-4-321B

MR-4-322A

MR-4-410A

MR-4-420A

MR-4-430

MR-4-450A

MR-4-460A.

MR-4-510

MR-4-520

MR-4-521

MR-4-530B

MR-4-540

MR-4-610

MR Appendix I,
Revision B
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(25) Flight Sequence, Mariner R MR Appendix II,
Revision C
(26) Environmental Require-
ments, Mariner R MR Appendix ITI
(27) Ground Checkout Equip-
ment, System Test Complex MR Appendix IV

A series of meeting was held in which the electrical
interfaces between the subsystems were defined. As a re-
sult, a number of circuit data sheets, one for each signal,
were generated. These sheets provided information use-
ful to the cable designers, as well as a record of the cir-
cuit characteristics for signals between every source and
user. The telemetry channels were assigned as shown in

Table 2.

Another series of meetings defined the mechanical con-
figuration, packaging layout, cabling, and thermal-control
aspects of the spacecraft. The interface definitions, both
mechanical and electrical, were determined so that the
subsystem design could proceed.

The Mariner R spacecraft flight sequence was defined
as follows: At liftoff, the pyrotechnics are safe-armed by
the inclusion of a plunger switch at the spacecraft sepa-
ration plane, in the open position; the switch is in series
with the power supply and the pyrotechnical control sub-
assembly. This switch closes upon separation of the
spacecraft from the adapter. CC&S commands are inhib-
ited until parting of the spacecraft in-flight separation

connector occurs. At this time, the transponder power-up

function is also performed. This function permits the
plate voltage of the r-f power amplifier to be increased
from 150 to 250 v, thus increasing the radiated r-f power
from 1 to 8 w. The voltage is maintained at the lower
level until after the critical arc-over pressure point is
passed. Shortly after Agena-spacecraft separation, the
solar panels are opened.

At 1 hr after liftoff, the attitude control subsystem
begins to remove the separation rates imparted to the
spacecraft by the Agena and then goes into a Sun-
acquisition mode. The Earth acquisition commences at
167 hr after liftoff. During the period from Sun acquisi-
tion to Earth acquisition, the spacecraft transmits through
the omnidirectional antenna. The telemetry data rate is
reduced from 33 bps to § bps at the initiation of Earth
acquisition, or by command when cruise science is turned
on. This data rate is used throughout the remainder of
the flight. After Earth acquisition, the directional antenna

Table 2. Telemetry channel assignments

Measurement Parameter

23 to 40 v
1800 deg/hr
1800 deg/hr
1800 deg/hr

Battery voltage
Yaw control gyro
Pitch control gyro
Roll control gyro

Battery current drain 0to 25 amp
Pitch Sun sensor +0.2 deg. arc
Yaw Sun sensor *+0.2 deg. arc

Roll Sun sensor +1.25 deg arc

Spacecraft events Not applicable
Frequency error
Noti defined

0 to 180 deg arc

0 to 180 deg arc

Command detector monitor
Earth brighiness

Antenna reference hinge angle
Antenna hinge position

L-band AGC —70to —15 dbm
L-band phase error *+30 deg phase
Propellant tank pressure 0 to 500 psia
Battery charger current Oto 1 amp

0 o 4000 psia
Not applicable
+3 deg

Oto3 w

0 to 90 deg arc
Not applicable

Midcourse motor N, pressure
Science experiments data
L-band phase error

L-band direct power

Louver position

Low reference

Solar panel 4A11 voltage 20 to 60 v d¢
L-band omni power Oto3 w
Attitude control N, pressure 0 to 3500 psia
Panel 4A11 current Oto 5 amp
Panel 4A12 voltage 20 to 60 v dc
Panel 4A12 current Ote 5 amp

High reference Not applicable

Reference temperature 500 ohm
Booster-regulator temperature 70 to 200°F
Midcourse motor nitrogen tank femperature 0 to 170°F

—25to +165°F
—40 to +150°F

Propellant tank temperature
Earth-sensor temperature

Battery temperature 20 to 170°F
Attitude conirol nitrogen temperature 35 fo 165°F
Panel 4A11 front temperature 70 to 250°F
Panel 4A12 front temperature 70 to 250°F
Panel 4A11 back temperature —300 to +300°F
Electronic assembly | temperature 20 to 170°F
Electronic assembly H temperature 20 to 170°F
Electronic assembly 11l temperature 20 to 170°F
Electronic assembly IV temperature 20 to 170°F
Electronic assembly V temperature 20 to 170°F
Lower thermal shield temperature — 100 to - 100°F
Upper thermal shield temperature 10 to 300°F
Plasma electrometer temperature 15 to 160°F

Antenna yoke temperature —50to +150°F

is used for r-f transmission, except during the midcourse
maneuver or whenever the ground command to switch to
the omni-antenna is transmitted.

35
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The midcourse maneuver is performed on the next pass
over Goldstone following Earth acquisition. Following
the completion of the required pitch and roll turns and
the addition of the required velocity increment, the space-
craft reacquires the Sun and Earth. There is capability of
only one start of the midcourse motor.

When the spacecraft arrives at the planet, the CC&S or
a ground command turns on the planetary radiometer
experiments. This command also changes the telemetry
mode to sample only science data.

The limited time available to the Mariner R Project
eliminated the proof test model. The PTM has been a
convenient means for identifying and resolving subsystem
interfacing problems and also has been the vehicle used
for verification of the spacecraft design.

This handicap was partially overcome by paying par-
ticular attention to the interface between subsystems and
the System Test Complex. This interface was defined in
terms of the signal characteristics on either side of the
interface, an approach that had not been used previously.
Furthermore, intensive preplanning made it possible to
achieve a maximum result from the comparatively short
period allocated to system and environmental testing.

The design verification tests normally performed on the
PTM were performed on the first assembled flight space-
craft, MR-1. which served the dual function of a re-
stricted PTM and a flight unit. Required design changes
were immediately incorporated into the MR-2 spacecraft
and the spares.

The System Test Complex was the basic equipment
used for system design verification of the spacecraft.
It has the capability to:

(1) Operate the entire spacecraft in a manner simu-
lating the countdown and flight sequence.

(2) Monitor system functions as well as subsystem
inputs and outputs for quantitative evaluation of
spacecraft performance.

(3) Exercise all elements of the spacecraft through
their entire dynamic range for the purpose of
evaluating their performance under influences
produced by the presence of the complete space-
craft.

36

B. Spacecraft Descrip’rion

The Mariner R spacecraft (Fig. 20) employs many of
the design principles and techniques developed for the
Ranger program. This type of design resulted from the
basic requirements of providing two-way communications
with the spacecraft, performing planetary and inter-
planetary experiments, performing a midcourse maneu-
ver to correct for miss components and time of arrival,
and maintaining a reasonable thermal environment for
the spacecraft. '

Power for the spacecraft is obtained by converting the
solar energy incident on solar cells into electrical energy.
About 4900 cells are mounted on each of two 30- X 60-in.
solar panels. These panels are removed to a position per-
pendicular to the roll axis shortly after Agena-spacecraft
separation. The raw-power capability of the solar panels
is about 200 w at Earth and 175 w at Venus. This solar
cell performance degradation at Venus is due to a higher
stabilized panel temperature and an expected damage by
high-energy radiation during the flight.

- A rechargeable battery of approximately 100-w/hr
capacity is also flown to share the peak power loads with
the solar panels and to provide electrical energy for the
spacecraft during periods when the spacecraft is not
pointed at the Sun. The spacecraft power subsystem sup-
plies 50-v, 2400-cps; 26-v, 400-cps; and 25.8 to 83.3-v d-c
power to the various users. The 2400-cps power is the
primary supply used; the 400-cps power is used only for
the gyros, the antenna hinge actuator, and the radiometer
scan actuator. The battery powers such events as relay
closures, pyrotechnic device activation, and attitude con-
trol gas-jet-valve actuation.

The spacecraft is stabilized in space by the attitude
control subsystem. The roll axis is pointed at the Sun to
provide stability about the pitch and yaw axes. Roll sta-
bility is achieved by keeping the Earth sensor, mounted
on the directional antenna, pointing at Earth. Pointing
the roll axis at the Sun allows the maximum amount of
solar energy to strike the solar panels and aids the ther-
mal control of the spacecraft by maintaining the Sun at
a constant known attitude relative to the spacecraft.

The pattern of the high-gain antenna is very directive
and, consequently, must be pointed at Earth. This re-
quirement is used to roll-stabilize the spacecraft, thus
providing a stabilized platform for the science experi-
ments. The Sun and Earth acquisitions are achieved
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Fig. 20. Mariner R spacecraft
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through a series of sensors, gyros, and internal logic cir-
cuits which cause actuation of cold-gas valves. Expulsion
of gas in preferential directions provides desired rates
about the various axes to bring the spacecraft into the
desired stable attitude.

Pointing the spacecraft roll axis in a preferred direction
for performance of the midcourse propulsion maneuver
is another function of the attitude control system. The
desired intertial attitude is attained by performing a roll
turn and a pitch turn upon commands from the central
computer and sequencer. During motor firing, the auto-
pilot portion of the attitude control subsystem maintains
the thrust vector pointing through the spacecraft center
of gravity.

The CC&S subsystem supplies timing, sequencing, and
computational services for other subsystems of the space-
craft. All events of the spacecraft are contained in one of
three CC&S sequences: (1) The launch sequence controls
events which occur from launch through the cruise mode.
(2) The propulsion sequence controls the events neces-
sary to perform the midcourse maneuver. (3) The en-
counter sequence includes all CC&S commands to be
given in the vicinity of Venus.

The launch sequence is always initiated at 8 min prior
to liftoff. The propulsion sequence begins when the
spacecraft receives a ground-originated activation com-
mand. Prior to this command, three other commands will
have been sent to the spacecraft to indicate the magni-
tudes and direction of the required turns, and the velocity
increment to be applied during the propulsion sequence.
The time for initiation of the encounter sequence is
placed into the CC&S by a command through the umbili-
cal during the Jaunch countdown. All CC&S commands
are inhibited until after spacecraft separation from the
Agena.

Radio commands sent to the spacecraft are in the form
of two modulated subcarrier signals. One of the sub-
carriers is modulated by a pseudo-noise sync code and
the other subcarrier is modulated by command bits. The
radio receiver recovers these signals and transmits them
to the command subsystem, The command detector re-
covers the sync and command bits and applies them to

» UNCLASSIFIED

the command decoder, The decoder determines which
command has been sent and issues an output to the
designated spacecraft subsystem.

Use of the real-time commands permits up-dating of
the antenna hinge reference, “unlocking” the Earth sensor
from some object other than Earth, switching of the r-f
signal from either the ommi- or directional antenna,
initiating the propulsion sequence, turning on or off the
planet science, and changing the data rate back to 33 bps
should it be lost during the launch. The stored commands
are the polarity and magnitides of the turns to be per-
formed and the velocity increment to be applied in the
midcourse maneuver.

The radio subsystem is utilized to transmit an r-f signal
modulated with a composite telemetry signal and to
receive r-f commands transmitted by the DSIF. The
transmitter operates at 960 mc and the receiver at 890 me.
From liftoff to spacecraft separation, the output from the
transmitter is about 1 w. At separation, the r-f amplifier
plate voltage is increased from 150 to 250 v, thus in-
creasing the output of the transmitter to about 3 w.
Until 167 hr after launch, the transmitted r-f signal radi-
ates from the omni-antenna. At this time, the r-f signal is
transferred to the high-gain directional antenna. This
antenna is used throughout the flight except during the
midcourse maneuver, at which time a ground command
causes the r-f signal to be switched to the omni-antenna.

The spacecraft is mechanized so that in the cruise
mode of operation the gyros and the science instruments
will not be in operation at the same time. This mode is
required to maintain the spacecraft power requirements
within the solar panel output capabilities. The gyros will
be on during the midcourse maneuver and during any
acquisition periods.

During planet encounter, however, all science instru-
ments will operate despite the status of the gyros. This
time is the most critical as far as securing science data is
concerned. Should the gyros be on during encounter and
the solar panels be unable to supply the necessary power,
the battery will furnish the additional capacity needed to
operate the spacecraft.
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V. Spacecraft Subsystems

A. Structure and Thermal
Control

1. Introduction

As a result of the program change to adapt the Mariner
spacecraft to the Atlas-Agena B launch vehicle for the
1962 Venus mission, the Engineering Mechanics Division
started, in August 1961, to design an essentially new
spacecraft. This design relied heavily on hardware and
techniques that had been developed for Ranger and Mar-
iner A. By retaining the established working team and
using the experience gained on Mariner A, the design of
the configuration, the detail design of the spacecraft, and
the fabrication of prototype and flight hardware pro-
gressed rapidly and with a minimum of problems. The
first flight structure was delivered a little over 3 mo from
the start of preliminary design.

Several interface and qualification tests were com-
pleted, ultimately verifying the adequacy of the design.
Some of these were:

(1) Match-mate tests between the spacecraft and the
Agena adapter

(2) Spacecraft separation tests from the adapter
(3) Temperature control tests

(4) Structural qualification tests
These and other tests will be discussed in more detail.

The mechanical assembly of all components onto the
flight spacecraft progressed smoothly and rapidly, due, at
least in part, to the many mechanical compatibility checks
performed as part of the development test program. Many
interface problems were resolved in this fashion before
assembly of the flight spacecraft began.

Handling, shipping, and field operations relied heavily
on Ranger and Mariner A techniques and hardware. A
minimum of new problems materialized in these areas.

2. Spacecraft Development

a. Description of spacecraft. The spacecraft configu-
ration is shown in Fig. 21. The basic building block for
the Mariner R was the RA-3 type basic hexagonal struc-
ture, which introduced only minor changes to interfaces
with the Ranger-developed Agena adapter and shroud.

39



UNCLASSIFIED e

JPL TECHNICAL REPORT NO. 32-353

The basic structure was modified to reduce weight and
increase the cable access. A trough to support the ring
harness cables and connectors was located under the
structure and provided clearance for the installation
of the modified RA-3 midcourse propulsion system from
the bottom.

The Sun sensors and attitude control jets are mounted
near the same locations as RA-3. Two Mariner A spheri-
cal attitude control bottles are mounted together between
the battery box and high-gain antenna. The regulator is
located between the bottles.

Three fixed thermal shields are provided. One is lo-
cated under the bottom of the spacecraft in the cable
trough motor nozzle area; a second is mounted immed;i-
ately above the hex structure to shield the hex electronic
boxes from the Sun; and the third shields the Earth sen-
sor from the Sun. The cosmic dust experiment mounts
on the top thermal shield, and the solar corpuscular de-
tector is mounted in a primary hex box and protrudes
from under the shield to see the Sun.

A superstructure mounts through the top thermal shield
to the top of the primary hex. The structure consists of
three truss sections bolted together, with equipment sup-
port frames between each. The RA-1 type omni-antenna
mounts on the top and the Mariner R fluxgate magnetom-
eter is mounted beneath it. The upper frame contains the
top solar panel ties. The lower frame contains the Mar-
iner R ion chamber experiment and particle flux detector.

The radiometer and infrared radiometer are mounted
above the top thermal shield and below the lower super-
structure frame. These experiments are designed to be
articulated at planet encounter approximately 120 deg
about an axis parallel to the roll axis, by a scan actuator
mounted on the lower superstructure bulkhead frame.
The radiometer package is restricted from rotating dur-
ing boost by a pyrotechnic latch.

The high-gain antenna mounts under the basic struc-
ture in the same manner as in the Ranger series. A 4-ft-
diam. Mariner A dish structure and a redesigned Ranger
feed are used. The Mariner A long-range Earth sensor
is mounted on a new high-gain antenna yoke, and is in-
clined at an angle with respect to the high-gain antenna
“look” direction. A mirror mounted on the yoke allows
the sensor to “see” in the antenna pointing direction. A
baffled hood minimizes the effects of off-axis stray light
reflections into the Earth sensor.

N - UNGL

Two articulated solar panels are included. Additional
solar cell area was provided by the inclusion of a bolt-on
extension to the end of one panel. A sail was installed on
the other panel to balance the solar pressure loads. The
panels are latched during boost to the structure by three
pyrotechnic latches: two at the top of the hex structure
and one at the top of the panel. The command omni-
antennas mount on the front and back of one of the
panels.

b. Design. As mentioned earlier, full use was made of
Mariner A and Ranger design experience. Some of the
benefits derived from the Ranger program were:

(1) Basic hex structures were available from Ranger
test programs for use as temperature control,
mock-up, separation test, and structure test models.
Only three flight structures had to be fabrlcated
MR-1, MR-2, and the flight spare.

(2) The solar panel actuators and hinge geometry
were the same as those used on the Ranger series.

(3) The high-gain antenna feed was very close me-
chanically to that on the early Ranger flights.

(4) The Sun-sensor mounting locations, as well as
mechanical alignments, are the same as on Ranger.

(5) The basic ground-handling dollies were identical
to the Ranger units.

Many of the design and fabrication techniques de-
veloped for Mariner A were either used directly, or were
applied to the new design. Among these items were:

(1) The high-gain antenna dish was the same as that
designed for Mariner A.

(2) The Earth-sensor package, mechanical alignment,
and mounting provisions were defined during the
Mariner A design period.

(3) The type of construction used on the solar panels
was identical to that verified as adequate for
Mariner A.

(4) The temperature control louvers used on one of
the hex electronic boxes were designed, built, and
tested during the Mariner A program.

(5) Much of the electronic packaging and hardware
was identical to that built for Mariner A.

(6) The superstructure struss configuration and fabri-
cation techniques evolved directly from Mariner A
experience.
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(7)

(8)

The integration of the radiometer, including the
type and method of articulation,was expedited by
the understanding derived during the Mariner A
design period, in relation to the trajectory passes
in the vicinity of Venus.

The system test stand and shipping technique de-
vised for Mariner A were used for Mariner R.

Many new items and concepts, yet untried on Ranger
or Mariner A, had to be designed and built. Among the
larger new efforts on Mariner R were:

(1)

(2)

The cable trough was relocated below the hex to
facilitate the midcourse motor insertion. The as-
sembly cabling connected directly into connectors
hard-mounted to the trough.

The Ranger-Agena adapter structure dictated that
the Mariner A long-range Earth sensor be mounted
on a redesigned high-gain antenna, and be inclined
at an angle with respect to the antenna pointing
direction. A mirror mounted on the yoke allowed
the sensor to “see” the antenna “look™ direction.

After several tests, it was found that stray light
reflecting off spacecraft components, such as the
high-gain antenna feed, affected the Earth sensor
performance. A light baffle box was installed
around the mirror assembly to reduce the amount
of stray light entering the Earth sensor.

A number of philosophical and detail changes from
current approaches were used to advantage in designing
new hardware. Some of these are summarized:

(1)

A concentrated effort was made to provide rec-
tangular solar panels. These panels allow a much
higher solar cell density since there is little or no
waste space (98% of panel area is covered with
cells vs 85% for trapezoidal panels). The width
of the panel was determined to be one-third of
the solar cell module length, allowing series-
paralle] connections to be made with minimum
wiring. Panel length was set to give enough cells
connected in parallel to provide proper power
capability. To get rectangular panels inside the
shroud, they were inclined at a larger angle than
the Ranger panels, ultimately bringing the panel
face very close to the electronic box upper corners.
To minimize damage to the panels, the strip ad-
jacent to the box corner was left free of cells so
that contact during vibration would not damage
cells. Two links on each panel kept panel excur-

(3)

~ UNCLS

sion in this area to a minimum. A third link was
placed at the top of the panel, thus restraining it
without further interference with cell layout. The
edges of the panels were reinforced to act as
shroud guide bumpers.

The links attaching the solar panels to the struc-
ture and superstructure were essentially pivots at
each end. Thus, solar panel motions relative to the
structure or superstructure did not twist or bend
the links and thus did not throw unwanted loads
into the panel or structure. The links restrained
the panel only in its weaker direction. Pin pullers
were attached to the solar panel end of the links
by a single screw, the pin restraining the panel
through a clevis and lug (Fig. 22). This provision
allowed rapid attachment of the panels to the
structure with minimum probability of damaging
the solar cells during the operation. No significant
preload was applied, the rattling of the panel due
to pin clearances being difficult to analyze, but no
damage was apparent during vibration testing.

A similar technique of isolating the radiometer
from structural distortions was used. The radiom-
eter was supported at the base by a ball joint
which also served as a pivot. A pyrotechnic re-
tractable pin fitted into a slotted hole, restraining
the radiometer only from rotating. The radiometer
was restrained at its top by the scan actuator. A
universal joint was provided between the two.
The structure supporting the actuator was rigid in
a lateral plane, but flexible in the axial direction.
Thus, no conceivable structural or thermal dis-
tortions could throw unwanted loads or restraints
into the structure, actuator, or radiometer.

The superstructure was designed as a determinate
truss, thus using a minimum of members. A trun-
cated conical monocoque construction was rejected
because it promised to be heavier. The truss
proved lighter because a minimum of equipment
is mounted to it, its primary function being to
support the top of the radiometer, the tops of the
solar panels, and the forward omni-antenna. The
three scientific instruments were added to the
basic structure for negligible bracket weight.

Continuous attention was paid to reducing weight.
Truss fittings were reduced to a minimum. An
oversight left most of them fabricated from alu-
minum, but magnesium was used extensively
where practicable. Truss tubes are aluminum, no
weight being saved by using magnesium tubes.

SSIFIED 2
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PIN PULLER

PIN PULLER
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BALL JOINT

SOLAR CELLS

Fig. 22. Upper solar panel latch installation

Parts were redesigned to save 0.1 Ib if feasible. minimal, the system could be safely installed in
Titanium bolts were used throughout. Light- this fashion, provided installation crews had prac-
weight nuts were used universally. The net result ticed as a team.

was a total structural saving of nearly 15 1b from

the original estimates, most of which were based (8) Locating the spacecraft center of mass (cg) near

the Z axis proved to be a formidable design prob-

on Ranger weights.
lem. The light spacecraft with the high-gain

(8) Since the attitude control gas system was to be a antenna extended to the exit position for midcourse
welded unit, including valves, regulators, and maneuver had the cg well outside the allowable
plumbing, a successful effort was made to install circle. The configuration design was heavily in-
it on the spacecraft structure as a unit. The orig- fluenced by the need for a reasonable location of
inal plan was to build the system on the flight the cg. The antenna exit position of 120 deg was
structure before SAF delivery. This approach was the minimum allowable position consistent with
changed to build the system on a mock-up and clearing the midcourse motor blast cone. Every
transfer the welded system from the mock-up to possible item was located on the opposite side of
the structure. Some minor changes were made to the spacecraft and placed as far from the Z axis
allow the complete system (including bottles and as possible. Although the attitude control gas
brackets) to be installed as a unit. Thus, the sys- system has a variable weight and thus should be
tem could be tested as a unit prior to delivery, placed symmetrically about the Z axis, a calcu-
and could be exchanged for a spare system with- lated risk was taken by placing the bottles con-
out appreciably interrupting spacecraft testing. taining the gas on the light side of the spacecraft.

, Should gas consumption before midcourse ma-

(7) The installation of the midcourse propulsion sys-" neuver be significantly greater than anticipated,
tem from the bottom was proposed to minimize the cg shift could degrade accuracy. However, it
disturbances to the rest of the spacecraft, since it was believed that, in this case, the mission lifetime
was preferable to install the system as the last would be too short, and the accuracy of the
item. Although clearances for this operation were maneuver would be less significant.

3
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¢. Development and test. Five different types of space-
craft structures were assembled and used during different
phases of the program:

Mock-up. While the spacecraft was still in the prelim-
inary design stage, work commenced on building a full-
size mock-up. As the mechanical design was firmed up,
the mock-up was constantly up-dated. This mock-up was
used in a match-mate test with a prototype Lockheed
Agena adapter. The early completion of this test allowed
the interface incompatibilities to be corrected without a
schedule delay. After the match-mate test, the mock-up
was delivered to the cabling group for use as a cabling
mock-up. When the cabling function had been completed,
the mock-up was used by the Telecommunications Divi-
sion for measuring the spacecraft antenna patterns.

Structural test model. Various vibration tests and mo-
dal surveys were performed on prototype and type-
approval component parts. Tests were conducted to
verify the adequacy of the superstructure and the radi-
ometer structure and their methods of attachment. Type-
approval tests verified the adequacy of the solar panel
structure and high-gain antenna when subjected to a
greater-than-normal vibration environment.

A structural-test prototype spacecraft was fabricated of
flightworthy components. This spacecraft was used in a
second match-mate test as a final verification of the me-
chanical interface with a flight-type adapter structure.
After match-mate, the structural test model was success-
tully subjected to modal vibration test and type-approval
vibration tests. This structure was used throughout the
program for developmental and prototype work. Among
the items tested on this structure, to be later added to the
flight units, were: (1) the Earth-sensor damper system;
(2) the solar panel extension; (3) the solar sail; and (4)
the high-gain antenna vibration damper.

Temperature control model. Thermal tests were con-
ducted in the new space simulator chamber with a
complete thermal mock-up of the spacecraft, and later
on the basic hex structure in the 6-ft vacuum chamber.
Electric strip heaters were placed on the exterior of the
spacecraft to simulate the solar load. The power dissipa-
tion load in the hex boxes was also simulated with
heaters. Several different tests were conducted. All of
them supplied valuable information as to the proper
temperature control surfaces and techniques to be ap-
plied to the flight units.

Separation test model. A primary hex structure was
ballasted to the proper weight, center of gravity, and

moment of inertia. This structure was taken to Lockheed,
where a separation test was conducted, using a test setup
similar to that developed for Ranger. Specifically, Lock-
heed checked the effects of:

(a) The lighter-than-Ranger spacecraft on the separa-
tion rates

(b) The location and forces of the pyrotechnic arming
switches on the separation

(c¢) The Earth-sensor baffle box and the adapter on
the separation clearance angles

(d) Theremoval of the Ranger sterilization diaphragm
from the adapter

(e) The forces applied to the spacecraft as a result of
the Earth-sensor damper installation

Flight spacecraft structures. Three complete sets of
flight equipment were fabricated: MR-1, MR-2, and the
spare (MR-3). The flight spacecraft were assembled with
a minimum of difficulty. After the spacecraft were trans-
ferred to the Systems Division, the Engineering Mechan-
ics Division assisted in all phases of the testing, shipping,
and launching operations.

3. Structures and Dynamics

The spacecraft structure was designed to meet the
requirements established in JPL Specification MR-4-521,
Mariner R Structural Design Criteria. The tests designed
to qualify this structure to the above specification are
defined by JPL Specification 30254, Mariner R Structural
Qualification Test Requirements.

Certain major components of the spacecraft have been
designed to other detail specifications. However, these
detail specifications have been, in turn, derived from
MR-4-521 and 30254.

a. Spacecraft structural components. The portions of
the spacecraft that received extensive structural and
dynamic considerations include: hex structure, super-
structure, solar panels, high-gain antenna, midcourse
propulsion unit, radiometer, and ground support equip-
ment,

Hex structure. The Mariner R was conceived around an
RA-3 primary hex structure, to which would be added
solar panels, a superstructure, and scientific experiments.
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Fig. 23. Spacecraft hexagonal struciure

Preliminary investigations indicated that weight could
be saved from the RA-3 hex structure for the Mariner
mission. Mariner R was to weigh approximately one-half
as much as RA-3; therefore, it seemed logical to assume
that the Ranger hex had more than enough strength to
carry all the essential elements of the mission. While
weight reduction was of lesser priority than such items as
ease of fabrication and schedule, all weight saved helped
increase the firing period so that both spacecraft could
be launched on Venus trajectories.

During the detail design period, various inputs and
requirements were set forth which formulated the space-
craft configuration, resulting in many necessary modifica-
tions to the hex structure (Fig. 23). Among these were:

(1) The X-shaped back ties on the inside of the hex
were changed to single diagonal members. The
new members had a smaller projected area, ena-
bling each electronic subassembly to “see” all the
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(2)

others. This was intended to help decrease the
thermal gradients through the primary structure.

The upper and lower shear panels in the hex-box
support bay were also replaced with diagonals.
The new members increased the access to the
cabling and also reduced the weight.

The intercostal tubes around the base of the hex
structure were changed from magnesium to alu-
minum. The tubes were changed because: (a)
magnesium tubing was not readily available; (b)
an additional operation, gold-plating for tempera-
ture control, had to be performed; and (c¢) the
analysis showed that the material change did not
affect the weight of the components, because for
tube buckling loads (the main design criterion),
the equivalent stiffness of magnesium tubing can
be achieved with aluminum tubing of a thinner
wall thickness.
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While analyzing the intercostal tube material
substitution, it was discovered that the brackets
that attach the intercostal tubes to the bus were
marginal. These parts were redesigned with no
weight change.

The design changes enumerated made necessary a
complete new static and dynamic analysis of the bus.
Although the design changes were minor, it was believed
that the sizing of the new members could radically affect
the load distribution and dynamic behavior of the bus.
This analysis was performed with the aid of the STIFF-
EIG 7090 computer program. In order to more accurately
perform this analysis, it was necessary to consider the
entire spacecraft in preparing a suitable structural ideal-
ization. Therefore, upon completion of this analytical
process, the static and dynamic behavior of the entire
spacecraft was known.

Superstructure. The superstructure is a truss-type as-
sembly which attaches to the top of the hex and provides
support for the solar panels, omnidirectional antenna,
and various scientific instruments.

The tight schedule dictated that previous design con-
cepts be utilized wherever possible. The height of the
superstructure was determined by the omni-antenna,
which was located to match the RA-3 shroud coupler
position. Of secondary importance was the desirability of
locating the magnetometer as far as possible from the
rest of the spacecraft. It mounts on the plate truss at the
upper level of the superstructure.

The middle and top truss sections were composed of
six members arranged in the best structural orientation.
This configuration provides stability for the least number
of members and joints, and, consequently, achieves the
least weight. The lower truss had to be designed to pro-
vide clearance for the radiometer during its scan mode.
It was found that a variation of the Mariner A super-
structure would provide the needed radiometer clear-
ance. Bulkhead structures were mounted between the
truss sections. To these sections were attached scientific
instruments, the solar panel tops, and the top of the
radiometer.

Before preliminary analysis could be started, the loads
induced in the superstructure by the solar panels and
radiometer had to be determined. All that was available
was the approximate radiometer weight, its manner of
support, and similar parameters for the solar panels. By
estimating the portion of these components supported by
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Fig. 24. Superstructure idealization

the superstructure, idealizing the ommi-antenna as a
three-member truss with a concentrated mass at its center
of gravity, and obtaining the approximate weight and
location of all instruments sitting on the structure, a
preliminary design was conceived and analyzed as a
pin-jointed truss through the use of the STIFF-EIG 7090
computer program (Fig. 24). A maximum acceleration
of 35 g at resonance was assumed. This was based upon
experience with the Mariner A superstructure, as related
to an assumed damping factor.

With the loads thus obtained, member sizes were
determined, and as instruments were moved from one
tier to another, and component weights changed during
the design period, the 7090 computer faithfully provided
loads and frequencies for each new input. Eventually,
member sizes reached a point where either: (1) they
were on the verge of buckling; (2) they were down to
minimum sizes consistent with ease of procurement; or
(3) any further decrease would lower the first resonant
frequency of the structure to a point where it might tend
to couple with the twisting mode of the solar panels.

As the design phase drew to an end, a structural mock-
up of the superstructure was built, using welded joints.
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Fig. 25. Supersiructure mock-up shake table

This mock-up was subjected to exploratory sinusoidal
shakes to determine resonant frequencies. To simulate the
radiometer, a heavy I-beam was used. The solar panels
and scientific instruments appeared as concentrated
weights. Figure 25 shows the structure on the Ling elec-
tromagnetic shaker used in the tests.

Solar panels. The Mariner R solar panel design was
based on structural concepts developed during the
Mariner A program. The Mariner A panels were con-
sidered an improvement over the Ranger panels, exhibit-
ing less motion at resonance, and lower weight-to-area
ratio. In addition, the well-developed fabrication tech-
niques of the solar panel contractor, Ryan Aerospace
Division (San Diego, Calif.), led to the belief that the
tight schedules associated with Mariner R could easily
be met.

In order to satisfy power requirements and geometrical
constraints, a rectangular panel, 30 in. wide by 60 in.
long, was utilized. Geometrical constraints required that
the panel be located about %8 in. away from the top of
the temperature control louvers. In order to maintain this
minimum separation, it was necessary to support the

~ UNELASSIFIED
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Fig. 26. Solar panel modal survey

panel with two pin-puller ties at this level. It was also
necessary to tie the panel at the top to reduce the vibra-
tion levels. A preliminary investigation indicated the
combination of two supports at the top of the hex, to-
gether with one support at the top of the solar panel,
would keep frequencies, deflections, and stresses within
prescribed limits.

The solar panels were designed to meet the require-
ments of JPL Specification 30882. The solar panels were
tested to the requirements of JPL Specification 30498.

From the preliminary investigation, maximum reactions
at the supports were obtained. These loads were used to
design the latches between the panel and the hex or
superstructure. The bulk of the solar panel support load
is in a direction normal to the face of the panels. Because
of this, and in order to minimize any nonanalyzable
over-constraint of the panel or superstructure, the sup-
ports were designed to allow for transverse motion and
for rotation.

The hard design and fabrication of the solar panels
were performed by Ryan. One of the first panels was
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shipped to JPL for structural tests. The weight of this
panel, with cell weight simulated by independently at-
tached strips of aluminum, was about 23 Ib.

The first test was a modal survey (Fig. 26). This test
located the resonant frequencies of the panel as follows:

First torsion: 25 cps

First longitudinal bending: 62.4 cps
A true transverse bending mode never was located.

Logarithmic decrement tests were performed to de-
termine the damping in each mode. The torsional mode
exhibited an extremely high damping rate, with values
for structural damping varying from 0.1 to 0.2, depending
upon the input acceleration. In the first longitudinal
bending mode, a value of about 0.032 to 0.036 was
obtained for structural damping. This range checks well
with amplifications observed during qualification testing.

The panel was then subjected to the tests detailed in
JPL Specification 30498, the solar panel test specification.
The panel passed these tests with no visible damage, and
when once again subjected to a modal survey, produced
the same resonant frequencies as previously obtained.

Temperature-cycling tests were performed by Spectro-
lab? who attached the solar cells to the panels. These
tests indicated that in some areas of the panel (without
cells), bowing occurred between corrugations as the tem-
perature was increased, leading to the fear that either the
cells or the connections between cells would be in danger
of breaking. These tests were repeated at JPL, the panel
being fully instrumented to measure temperature and
deflection. The bowing again occurred. Next, a series of
tests was performed to determine qualitatively the stiff-
ening effect of the cells themselves on a sheet whose
thickness is the same as the face sheet on the panels (Fig.
27). These tests indicated a considerable increase in
stiffness due to the cells, leading to the conclusion that
any bowing of the skin with cells would be so small it
would not affect the solar panel performance.

After the completion of all structural tests, it was found
that the existing panel did not provide sufficient power
and that additional square feet of solar cells were re-
quired. Realizing that this additional panel area needed
to be designed, fabricated, and qualified in a period of
3 wk, the decision was made to extend one panel 11 in.
An alternative approach of extending each panel 5 in.

iDivision of Textron Electronics, Inc., North Hollywood, Calif.

Fig. 27. Solar panel cell stiffness test

would have interfered with the ground plane of the an-
tenna located on one panel, a circumstance that would
have required an intolerable amount of antenna requali-
fication.

The panel extension, the same basic structure as the
original panel, was supported by two beams cantilevered
from the original panel (Fig. 28).

High-gain antenna. The high-gain antenna is a 4-ft-
diam. paraboloid of revolution, made of V4-in. opening
wire mesh, with a supporting structure of thin, formed
aluminum sections. The feed element protrudes from the
apex of the paraboloid, locating the ground plane at the
focal point of the antenna (Fig. 29).

The antenna is nested beneath the spacecraft, and is
held in place by a series of compression supports coming
down from the bus and up from the adapter.

The structural design of the Mariner R antenna evolved
directly from the earlier Ranger and Mariner A designs.
Specifically, this antenna utilized the Mariner A dish, a
modified RA-I feed, and the Ranger truss-type feed sup-
port. The pivot arm has a fiberglass end portion attaching
to the yoke for thermal insulation purposes. Also, the
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Fig. 28. Solar panel extension

Fig. 29. High-gain antenna

vertical strut from the pivot arm to the radial member
below has been modified to better support the long-range
Earth sensor, which is mounted to the yoke.

The structural analysis of the antenna was performed
with the aid of the STIFF-EIG program on the IBM 7090
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Fig. 30. Radiometer mock-up

digital computer. The dish was idealized as a planar grid,
the members of which corresponded to the supporting
structure on the antenna.

The antenna was successfully subjected to a complete
series of static and dynamic structural tests, and was sub-
sequently found to exhibit no structural or electrical de-
terioration.

Other major structural components. The midcourse
propulsion unit, radiometer, and certain pieces of ground
support equipment also were subjected to structural
analysis and/or test.

The midcourse propulsion unit used was essentially the
same as that used on RA-3. However, certain minor struc-
tural modifications were made in the attachments between
the hex structure and the unit.

An analysis and a subsequent series of vibration tests
emphasize the need for a strengthening of the backbone
beam on the radiometer. A structural mock-up radiometer
with the strengthened beam is shown in Fig. 30.

The system test stand, handling dollies and slings, and
magnetometer test fixture were some of the more signifi-
cant pieces of ground support equipment which received
structural consideration.

b. Spacecraft analyses and tests. As discussed earlier,
the primary analysis of the spacecraft as a complete unit
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Fig. 31. Spacecraft with panel extension

was conceived as a result of the need for a detailed anal-
ysis of the hex structure.

Using a structural prototype model of the spacecraft, a
series of tests was performed to qualify the vehicle as a
flightworthy structure. From experience gained during
the Ranger program and the results of analysis, it was
determined that a static test of the entire spacecraft
would be unnecessary.

A dynamic test program was undertaken to determine
whether or not the Mariner R spacecraft was structurally
capable of withstanding the dynamic loads as defined in
JPL Specification 30254. The test program was basically
divided into two parts: (1) modal survey testing; and
(2) structural type-approval testing.

The primary objective of the modal survey testing was
to determine the fundamental natural frequencies, corre-
sponding mode shapes, and structural damping ratios of
the Mariner R spacecraft by exciting the spacecraft with
a series of small shakers. With this information, a modal

Fig. 32. Spacecraft without panel extension

analysis could then be performed to analytically deter-
mine the response of the spacecraft to a forced excitation
at its base. The objective of the structural type-approval
testing was to simulate the expected in-flight vibration
environment by exciting the spacecraft on a shake table
to the levels defined in JPL Specification 30254. The re-
sults of these two types of tests could then be plotted as
amplitude ratio-vs-frequency curves to illustrate the re-
sponse of various points on the structure to forced excita-
tion at the base of the spacecraft.

When it was decided that the additional solar panel
area was to be located on the far end of the panel as an
11-in. extension, a complete requalification test of the
spacecraft structure was performed. The purpose of the
test was (1) to prove the structural adequacy of the solar
panel extension; and (2) to prove that the spacecraft was
still structurally and dynamically adequate (Fig. 31 and
32 show the spacecraft with and without the solar panel
extension ). This testing was performed and, as a result,
two groups of data were compiled. Each group was com-
posed of information concerning shake-table testing and
modal survey analysis.
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Fig. 33. Plot of x/x, vs frequency,
solar panel support plate

To illustrate the behavior of the spacecraft under a
forced excitation, the two groups of results were reduced
and plotted as amplitude ratio-vs-frequency curves. Two
of these response curves are presented in Fig. 33 and 34.
Generally, as seen from these curves, the response of the
structure at resonance is greater during the modal survey
than during the type-approval test. This is to be expected
since the damping, which was assumed constant, usually
increases with increasing amplitude. The responses gen-
erated during these tests generally substantiate other
somewhat conservative analysis.

Certain structural failures did occur during these addi-
tional tests. Notable were: a failure of the superstructure
bulkhead supporting the top of the solar panels, a failure
in the base of the omni-antenna, and a failure in the braze
joint at the upper end of the attitude control gas bottle
bracket. The necessary modifications were made to the
flight vehicle.

The high-gain antenna and Earth sensor exhibited high
vibration gains during several parts of the test. While
this structure successfully survived the test, it was be-
lieved that, if electronics had been in the Earth sensor
mock-up, they would probably have experienced failure.
An extensive program was conducted to provide more
stiffness and damping in this area, resulting in changing
of the antenna supports in the adapter from rubber to
aluminum and the addition of a spring-loaded, concentric-
tube viscous damper system between the long-range
Earth sensor and the adjacent structure. The resulting
system produced responses well within acceptable limits.

A vibration test was performed with the spacecraft
supported on the Agena B adapter and placed under the
Agena shroud. The primary objective of this test was to
verify clearance between the dynamic envelopes of the
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Fig. 34. Plot of x;;/x, vs frequency
¢t @ of 4+ X solar panel

shroud and the spacecraft under the extreme steady-state
flight-vibration environment as it is presently known. The
dynamic deflections in the critical interface locations were
measured and found to remain well within the prescribed
dynamic envelope of the spacecraft.

An additional series of modal survey tests was con-
ducted with the spacecraft in its cruise configuration
(Fig. 35). While this configuration did not produce criti-
cal structural loads, calculations indicated that spacecraft
natural frequencies in the range of 2 to 30 cps could
destabilize the autopilot during midcourse maneuver,
depending on the mass, moment of inertia, location, and
damping characteristics of the component resonating.
During this series of tests, the midcourse configuration
was simulated by placing the spacecraft on the system

Table 3. Summary of primary modes of vibration
(midcourse configuration)

Frequency BRI
Mode ratio
cps
cfcc
Solar panel about hinge axis 2.00 0.0275
High-gain antenna about actuator
axis 2.66 0.055
High-gain antenna, combined
bending and torsion 3.15 0.0624
High-gain antenna, torsion about
pivot arm 5.4 0.0835
Radiometer, torsion about hinge
axis 6.2 0.35
Solar panel torsion 14.2 0.0398
High-gain antenna about actuator
axis 15.9 0.1005
High-gain antenna breathing 27.3 0.047
Solar panel, bending in-plane of
panel 32.0 0.0317
Solar panel about hinge axis 43.5 0.0106




Fig. 35. Spacecraft during cruise configuration modal survey

test stand and extending the solar panels and high-gain
antenna, and unlatching the radiometer as necessary.

Because the system test stand stiffens the spacecraft
structure, these tests gave higher natural frequencies than
would be expected in space. Solar panel resonances were
measured with the spacecraft roll axis held at a 12-deg
angle from the horizontal, thus simulating the suddenly
applied 1/9-g load from the midcourse motor.

The fundamental frequency of the extended solar panel
and the fundamental torsion frequency of the extended
high-gain antenna were found to fall within the critical
range. In order to eliminate thess problem areas, the
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following modifications were made to the spacecraft.
First, the solar panel frequency was reduced from 6.5
cps to 2 cps by replacing the aft monoball joint on the
solar panel actuator with a cylindrical rubber bushing.
Next, the damping in the high-gain antenna was in-
creased from c¢/c. = 0.0179 to ¢/c, = 0.0835 during the
torsion mode, through the installation of a concentric
tube grease-in-shear damper.

The natural frequencies in or near this critical range,
together with their respective damping ratios, are pre-
sented in Table 3. The Guidance and Control Division
indicated that the spacecraft, with the modified dynamic
characteristics, would not destabilize the autopilot.
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4. Packaging

a. General. Packaging of the Mariner R electronic
equipment was basically a return to the Ranger configu-
ration (Fig. 36), since Mariner R largely utilized Ranger
techniques. Thus, communications, attitude control,
CC&S, data encoder, and the command electronics re-
quired only minor packaging changes in those few areas
where new circuits were used.

The power subassemblies, which were uniquely pack-
aged in the secondary hex and on the intercostals for the
Mariner A, had to be adapted to the Mariner R vehicle.
This was accomplished without any changes to the sub-
assemblies by fabricating a new assembly chassis, which
accepted the Mariner A subassemblies and yet was com-
patible with the Mariner R vehicle. Also, a new battery
chassis was developed.

Several basic magnesium chassis which were fabricated
for the Mariner A were used for Mariner R. Hinges were
added to these chassis for more convenient service and
checkout. For other vehicles, the assembly chassis have
typically been gold-plated for thermal control purposes;
however, for Mariner R, these chassis have not been
gold-plated, but rather had polished aluminum shields
located in those areas where low emissivity surfaces were
required.

As can be noted on the Mariner R packaging assembly
(Fig. 36), a rather high degree of subassembly profile
standardization has been obtained. With this standardi-
zation, better weight and volume efficiency were achieved
than in the RA-I spacecraft. Only the battery and power
subassemblies remained nonstandard to utilize existing
Mariner A equipment.

b. Assembly description

Assembly I, scientific equipment. Figure 37 shows this
assembly on the spacecraft. The power switching and
logic subassembly is bolted to the outside surface. The
unusual shape of this subassembly is explained by the
fact that it was originally designed for the Mariner A
spacecraft and was to be located on the intercostals. On
the Mariner R spacecraft, this subassembly is located on
the face of Assembly I so that short cables from the
power switching and logic subassembly to the battery
and solar panels could be used. In addition, this location
allowed some 15 w of heat dissipated in the power
switching and logic to be utilized to keep the scientific
instruments, located inside the hex, warm.

"

Fig. 37. Assembly | on spacecraft

Deflection plates for the solar plasma instrument are
in the upper left corner of the assembly, as shown in
Fig. 37. In this location, <ns1:XMLFault xmlns:ns1="http://cxf.apache.org/bindings/xformat"><ns1:faultstring xmlns:ns1="http://cxf.apache.org/bindings/xformat">java.lang.OutOfMemoryError: Java heap space</ns1:faultstring></ns1:XMLFault>